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GEOLOGIC FACTORS CAUSING ROOF INSTABIL ITY 
AND METHANE EMISSION PROBLEMS 
The Lower  Kit tanning Coalbed, Cambr ia County, Pa. 
by 
C. M. McCulloch and Maurice Deul 
ABSTRACT 
A geologic  s tudy of Mines 32 and 33 i n  Cambria County, Pa. , was conducted 
a s  p a r t  of  a  methane c o n t r o l  research  program. Areas of high methane emission 
and roof i n s t a b i l i t y  a r e  encountered which a r e  r e l a t e d  t o  t he  s t r u c t u r a l  and 
s t r a t i g r a p h i c  f e a t u r e s  t h a t  c h a r a c t e r i z e  t he  geologic  s e t t i n g  of t hese  mines. 
Local ly t he  fo lds  t r end  N 20' E +2O, the  d i r e c t i o n  of t he  b u t t  c l e a t  i n  t he  
Lower Ki t tanning  coa l .  The face  c l e a t  s t r i k e s  a t  N 69" W +2O and the  system- 
a t i c  rock j o i n t  i n  the  su r f ace  bedrock s t r i k e s  N 67" W + Z o o  This sugges ts  
t h a t  a  d i r e c t i o n a l  s t r e s s  o r i en t ed  N 70' W produced the  fo lds  and inf luenced  
the  d i r e c t i o n s  of coa l  c l e a t  and systematic  j o i n t  s e t s .  Analysis  of SLAR i n d i -  
c a t e s  t h r e e  d i r e c t i o n s  of prominent r eg iona l  l i n e a t i o n :  N 39" E ,  N 31" W ,  and 
N 70° W. 
L i t t l e  gas was encountered during development mining; l a r g e  volumes of 
gas a r e  encountered when roof f a l l s .  Most of t he  gas comes from s t r a t a  above 
the  mined c o a l ;  t h e r e f o r e ,  t o  con t ro l  methane, roof i n s t a b i l i t y  must be 
con t ro l l ed .  
Roof f a l l s  and high r a t e s  of methane emission a r e  most l i k e l y  where l e s s  
than 30 f e e t  of many t h i n  l aye r s  of l imestone,  s h a l e ,  and sandstone occurs 
between the  Lower Ki t tanning  coa l  and the  next coa l  and i n  zones along the  
margins of a  sandstone channel. 
INTRODUCTION 
The Cambria Nos. 32 and 33 mines a r e  l oca t ed  i n  western Pennsylvania near  
Ebensburg, about 60 miles e a s t  of  P i t t sburgh .  The No. 33 is  a  s lope mine, 
whereas t he  No. 32 i s  a  shaf t - type  mine; both a r e  p re sen t ly  working beneath 
300 t o  1,000 f e e t  of cover i n  t he  Lower Ki t tanning  coalbed. Data on the  com- 
pass d i r e c t i o n s  of j o i n t  s e t s  and coa l  c l e a t s ,  toge ther  wi th  reg ional  s t r u c -  
t u r e  and s t r a t i g r a p h i c  observa t ions ,  were analyzed f o r  i n d i c a t o r s  of geologic  
c o n t r o l  of t he  emission of methane from the  coalbed i n t o  the  mine workings, 
and of r e l a t i o n s h i p s  t o  roof f a l l s  i n  t he  mines. 
Supervisory geo log i s t  . 
This  p r o j e c t  was conducted a s  p a r t  of  t he  methane c o n t r o l  r e sea rch  pro- 
gram t o  determine the  cause of t h e  l a r g e  amount of methane being emi t ted  i n t o  
t he  mine workings. Areas of  l a r g e  methane emissions were found t o  be a r e a s  of 
roof i n s t a b i l i t y .  Therefore ,  f o r  t he se  mines, s t u d i e s  of roof  i n s t a b i l i t y  
were a n a t u r a l  consequence, a l though not  t h e  o r i g i n a l  ob j ec t i ve .  
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PREVIOUS AND CONCURRENT WORK 
The f i r s t  geologic  work i n  t he  Cambria County a r e a  was done by 
H. D. Rogers i n  1858 (15) , 3  who conducted the  f i r s t  geologic  survey of t h e  
e n t i r e  S t a t e  of  Pennsylvania. I n  1877, F. P l a t t  and W. G. P l a t t  (14) d id  a 
geologic  s tudy of t he  Cambria and Somerset d i s t r i c t s .  Both t he se  r e p o r t s  
were e x c e l l e n t  and have been updated r ecen t ly .  
I n  1905, Charles  But t s  (3 )  completed t he  next  major work on t h e  Cambria 
County a r e a  wi th  h i s  "Ebensburg P o r t f o l i o , "  a geologic  s tudy  of t h e  Ebensburg 
15-minute quadrangle t h a t  included a s t r u c t u r e  map drawn on t h e  Upper Freepor t  
coalbed. The s t r a t i g r a p h y  of t he  a r ea  was descr ibed  i n  t h a t  r e p o r t  but t h e  
group, formatiozl, and member names of some of t he  u n i t s  have been changed. 
Ashley, S i s l e r ,  and Reese (L), 1925-1928, of t he  Pennsylvania S t a t e  Geo- 
l o g i c a l  Survey wrote a r e p o r t  on the  "Bituminous Coal F i e l d s  of Pennsylvania." 
This  was a d e s c r i p t i o n  of i nd iv idua l  coa lbeds ,  c o a l f i e l d s ,  and a summary of 
resources  of  Pennsylvania. 
Dutcher ( 5 )  produced a f i e l d  t r i p  guide t o  t h i s  genera l  a r e a  f o r  t h e  
P i t t sbu rgh  meeting of t h e  Geological Soc ie ty  of America. 
Concurrent work i n  t he  Cambria County a r ea  i s  being done by Lou Benedict 
of Bethlehem S t e e l  Corp. on some of t he  same problems d e a l t  wi th  i n  t h i s  paper. 
H i s  r e s u l t s  t o  da t e  agree gene ra l l y  wi th  t he  f i nd ings  of t h i s  r e p o r t  even 
though h i s  techniques a r e  somewhat d i f f e r e n t .  
STRATIGRAPHY 
Only t h e  Allegheny group of t he  Pennsylvanian system w i l l  be d i s cus sed  
s i n c e  a l l  t he  coalbeds t h a t  a r e  important t o  t h i s  s tudy  a r e  included w i t h i n  i t ,  
3 ~ n d e r l i n e d  numbers i n  parentheses  r e f e r  t o  i tems i n  t he  l i s t  of r e f e r ences  a t  
t h e  end of t h i s  r epo r t .  
The Allegheny group extends from t h e  base of t h e  Brookvil le  coa l  t o  t he  top  of 
t he  Upper Freeport  coa l  (8). The average th ickness  i n  Cambria County i s  
approximately 250 f e e t .  This  group i s  composed of s h a l e ,  s i l t s t o n e ,  sandstone,  
c o a l ,  and some fresh-water l imestone lenses  found i n  t h e  upper t h i r d  of t h i s  
group. F l i n t  (8)  s t a t e s  t h a t  t h e  Johnstown limestone i s  p e r s i s t e n t  and i s  
used a s  a s t r a t i g r a p h i c  guide i n  Somerset County t o  t h e  south. I n  t h e  su r f ace  
a r e a  around Ebensburg, where t h i s  s tudy was conducted, and from co re  hole  da t a ,  
t h i s  l imestone,  a l though l e s s  p e r s i s t e n t ,  i s  s t i l l  found i n  10 of t h e  c o r e  
ho le s .  
The Allegheny group i s  subdivided i n t o  t h r e e  formations following 
Shaffner  (16) and Williams (17). These a r e  Clar ion ,  Ki t tanning ,  and Freeport .  
The boundary between t h e  Clar ion  and Ki t tanning  formations f a l l s  w i th in  t h e  
Lower Ki t tanning  coa l  group. The Ki t tanning  formation (l8) i s  made up of 
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FIGURE 1 .  - Generalized section of the Allegheny group of the southern part of Somerset 
County, Pa. 
" s t r a t a  between the  base of t h e  underclay beneath t h e  upper coalbed of t he  
Lower Ki t tanning  c o a l  group and t h e  top  of t he  lower bench of  t he  Upper 
K i t t ann ing  coa l  group." The average th ickness  of t h i s  sequence determined 
from t h e  core  ho le  da t a  i n  t h i s  r epo r t  i s  106 f ee t .  The p e r s i s t e n t  sandstone 
t h a t  o v e r l i e s  t he  Lower Ki t tanning  coalbed i s  t h e  Worthington Sandstone (14). - 
The t h r e e  Ki t t ann ing  coalbeds have a l t e r n a t e  l e t t e r  des igna t ions .  They 
a r e  sometimes r e f e r r e d  t o  a s  fol lows:  
Lower Ki t tanning  coalbed--"B coa l"  
Middle Ki t tanning  coalbed--"C coa l"  
Upper Ki t tanning  coalbed--"C prime coa l"  
The Johnstown l imestone,  t h e  most p e r s i s t e n t  l imestone i n  t he  a r e a ,  i s  found 
under ly ing  the  Upper Ki t tanning  coalbed. 
Of t h e  two s t r a t i g r a p h i c  columns shown, t h e  f i r s t  ( f i g .  1 )  i s  t he  
"genera l ized  s e c t i o n  of t h e  Allegheny group of southern  Somerset County, Pa." 
(5).  A s t r a t i g r a p h i c  column of t he  Ki t tanning  formation of t h e  a r ea  cons id-  
e r ed  i n  t h i s  r e p o r t  ( f i g .  2) has been drawn from core  ho le  da t a  and under- 
ground f a l l  a r eas  observed i n  the  mines; t h i s  uses  F l i n t ' s  terminology. 
REGIONAL AND LOCAL STRUCTURE 
The Cambria Nos. 32 and 33 mines a r e  l oca t ed  i n  t h e  a r e a  where t h e  main 
s t r u c t u r e s  a r e  t h e  Ebensburg a n t i c l i n e  and t h e  Wilmore sync i ine  ( f i g .  3 ) .  
These f e a t u r e s  a r e  pa r t  of the  
Upper Kittanning coal Allegheny Mountain s e c t i o n  of t he  
Appalachian P la teaus  province and 
Johnstown limestone t r end  northeastward. 
The s t r u c t u r a l  contours  i n  
f i g u r e  3 were drawn on t h e  bottom of 
t h e  Lower Ki t tanning  coalbed from 
mine and co re  ho le  data .  
SLAR Imagery 
Upper Worthington sandstone 
The SLAR ( s i d e  look a i rbo rne  
r ada r )  imagery was used t o  supplement 
t he  f ie ldwork and computer t reatment  
of f i e l d  da ta .  The main u t i l i t y  of 
Middle Kittanning coal 
60 SLAR imagery i s  t h a t  i t  permits  sys -  - -- - 
- -- - tematic  examination of l a r g e  a r e a s  
making it poss ib l e  t o  no te  s u b t l e  
, . . , - - - - 
>::.:<..> - - - 
;-:z:<$>-~~.:: topographic d i f f e r ences  ( l i n e a t i o n s ,  
, ,;f.2.r;..1?, - 
U L o w e r  Ki ttanning coal 
f a u l t s ,  e t c . )  over long d i s t ances  
t h a t  would have been missed by normal 
geologic methods (5 ,  10). 
FIGURE 2. - Generalized section of the K i t -  
tanning formation of central The i n t e r p r e t a t i o n  of t h e  SLAR 
Cambria County, Pa. imagery i s  s i m i l a r  t o  t h a t  used i n  
FIGURE 3. - Generalized structural contour map of area around Cambria Nos. 32 and 33 mines. 
s t anda rd  photogeologic i n t e r p r e t a t i o n s .  A Ronchi g r a t i n g  ( a  type  of  d i f f r a c -  
t i o n  g r a t i n g )  can be used between the  eye and t h e  imagery; when r o t a t e d ,  
s t r o n g  l i n e a t i o n s  w i l l  become e a s i l y  v i s i b l e .  The g r a t i n g  i s  t o  SLAR what 
s t e r eog raph ic  g l a s se s  a r e  t o  pa i red  a e r i a l  photographs. 
SLAR imagery was ad jus t ed  f o r  t r u e  d i s t ances  and d i r e c t i o n s  from geologi -  
c a l  reconnaissance s t u d i e s .  According t o  MacDonald (12) , "This computation 
can be accomplished most e a s i l y  where a  known d i s t a n c e  between two po in t s  on 
t h e  ground can be compared wi th  t he  same two po in t s  on t h e  r a d a r  imagery." 
SLAR imagery of Cambria County, Pa., was s t u d i e d  f o r  t h i s  r epo r t .  Three 
prominent d i r e c t i o n s  of l i n e a t i o n s  were observed on t h e  SLAR imagery; t h e s e  
a r e  ( 1 )  N 39" E, ( 2 )  N 31" W ,  and ( 3 )  N 70" W.  These d i r e c t i o n s  a r e  i n d i c a t e d  
on f i g u r e  4. 
Rock J o i n t s  and Coal C l e a t s  
The s t r i k e  and d i p  of t h e  c o a l  c l e a t s  and t h e  su r f ace  rock j o i n t s  were 
measured. The o r i e n t a t i o n s  of t h e  va r ious  c l e a t  and fundamental j o i n t  system 
d i r e c t i o n s  a r e  shown i n  f i g u r e  5. Nickelson (13)  d iv ided  t h e  fundamental 
j o i n t  system i n t o  two p a r t s :  ( 1 )  sys temat ic  j o i n t s  and ( 2 )  nonsystematic  
j o i n t s .  
According t o  Nickelson (g), "The complex p a t t e r n  of j o i n t i n g  r e s u l t s  
from o v e r p r i n t i n g  of two o r  more fundamental systems" wi th  t h e  sys temat ic  
j o i n t  having wel l -def ined  axes whereas t h e  nonsystematic j o i n t s  a r e  poorly 
de f ined .  
From t a b l e  1 t h e  average s t r i k e  f o r  t h e  f ace  c l e a t s  of t h e  coa l  is  
N 69" W ,  whereas t h e  average s t r i k e  f o r  t h e  sys temat ic  s u r f a c e  rock j o i n t  i s  
N 67" W ,  inc lud ing  t h e  measurements of rock j o i n t s  a t  l o c a t i o n  4  i n  f i g u r e  4. 
The s t r i k e s  of t h e  two f e a t u r e s  a r e  about t h e  same, sugges t ing  t h a t  t h e r e  i s  
a  r e l a t i o n s h i p  between t h e  s t r i k e  of t h e  sys temat ic  rock j o i n t s  and t h e  c o a l  
face  c l e a t s .  
TABLE 1. - Average s t r i k e  of c o a l  f ace  c l e a t  and sys temat ic  
rock j o i n t s  
Coal face  cleat................. 
Systematic  rock joints. . . . . . . . . .  
DO..... . . . . . . . . . . . . . . . . . . . .  
Total . .  ............... 
l ~ u m b e r  i n  parentheses  corresponds t o  pos i t i on  on index 
map. A l l  a r e  +2" compass d i r e c t i o n s .  
The genera l  l o c a t i o n s  of su r f ace  j o i n t  measurements a r e  shown i n  f i g u r e  4. 
FIGURE 4. - Index map of surface ioint sampling locations. 
COAL CLEAT MEASUREMENTS 
N N 
I I No. 2 
No. I ~onsystehtic rock joint 
Systemtic mck joint 
.:. .. .. . . :.,. .:.., :..->. . . .. , ... , ,: . . ' .:;c _... 
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ROCK-JOINT MEASUREMENTS 
FIGURE 5. - Strike of coal cleats and rock ioints. 
Measurements a t  loca t ion  4 were made a t  s i t e s  where w e  found l a t e r  the re  
had been major s u r f i c i a l  d i s loca t ion  e i t h e r  by slumping due t o  erosion of 
adjacent  stream va l l eys  o r  t o  caving of underground workings. Comparing 
f i g u r e  4 with f igure  6 ,  i t  can be observed t h a t  "individual surface  measure- 
ment locat ions"  16 and 17 a r e  d i r e c t l y  over areas  where roof f a l l s  have 
occurred, supporting the  idea t h a t  caving may be a f ac to r  i n  the  devia t ion  of 
these  measurements from the  norm. The computer program used t o  t r e a t  these 
data se lec ted  the  cen te r  of  a  trimodal d i s t r i b u t i o n  a s  the  s t rong  d i rec t ion  
r a t h e r  than one of the  extremes. Figure 5 i l l u s t r a t e s  the  trimodal d i s t r i b u -  
t i o n  a t  loca t ion  4. It appears t h a t  the  lower of  the  three  northwest lobes 
i s  the  stronger but the  d i f ference  is  small. F ie ld  checks show t h a t  the  most 
prominent d i rec t ion  i s  the  one designated a t  loca t ion  4 a s  being the  "system- 
a t i c  rock jo in t  ," N 68' W ,  very c lose  i n  d i rec t ion  t o  the  o ther  four areas  o f  
surface  measurement, but the  o ther  two lobes ind ica te  some change o r  r o t a t i o n  
and con t r ibu te  t o  making the average d i rec t ion  N 58O W. 
FIGURE 6. - Sketch map showing where unstable roof is l ikely to  occur. 
From t a b l e  2  t h e  average s t r i k e  f o r  t h e  b u t t  c l e a t  i s  N 19" E ,  and t h e  
average s t r i k e  f o r  t h e  nonsystematic  rock j o i n t  i s  N 04O W. A s  can be s een  
from t h e  d a t a ,  t h e  v a r i a t i o n s  i n  t h e  nonsystematic  j o i n t  measurements a r e  t oo  
g r e a t  t o  have any s i g n i f i c a n c e ;  t h i s  was a l s o  suppor ted  by t h e  computer pro-  
gram p r i n t o u t .  
TABLE 2. - Average s t r i k e  of c o a l  b u t t  c l e a t  and nonsystematic  
rock  i o i n t s  
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There i s  a  r e l a t i o n s h i p  between t h e  a x i a l  d i r e c t i o n  of  t h e  l o c a l  f o l d s  
and t h e  s t r i k e  of t h e  b u t t  c l e a t s .  The l o c a l  f o l d  axes  range from N 35" E 
t o  N 12" E but most ly  between N 17" E and N 22" E ,  n e a r l y  t h e  same a s  t h e  
average  b u t t  c l e a t  d i r e c t i o n  of N 19" E. F igure  5  shows a  r e l a t i o n s h i p  
between t h e  c o a l  f ace  c l e a t  and sys t ema t i c  rock j o i n t  d i r e c t i o n  bu t  shows no 
r e l a t i o n s h i p  between t h e  c o a l  b u t t  c l e a t  and nonsystematic  rock j o i n t  
d i r e c t i o n .  
s t r i k e 1  
N l g O  E 
Th i s  i s  a  summary of  t h e  s t r i k e s  o f  t h e  c o a l  c l e a t s  and rock j o i n t s :  
 umber i n  paren theses  corresponds t o  l o c a t i o n  on index map. 
170 
1,045 
1. S t r i k e  of  f ace  c o a l  c lea t - -N 69" W. 
N 62" E ( 5 )  
2. S t r i k e  of sy s t ema t i c  s u r f a c e  rock  joint--N 67" W. 
3. S t ~ i k e  o f  b u t t  c o a l  c leat- -N 19" E. 
4. S t r i k e  of  nonsystematic  s u r f a c e  rock  joint--N 04" W e  
From t h i s  i t  is  ev iden t  t h a t  t h e r e  i s  a  p a r a l l e l i s m  between t h e  N 70" W major 
r e g i o n a l  l i n e a t i o n ,  t h e  f ace  c o a l  c l e a t ,  and t h e  sy s t ema t i c  rock j o i n t .  No 
r e l a t i o n s h i p  i s  ev iden t  between any of t h e  t h r e e  major r e g i o n a l  l i n e a t i o n s  
determined from SLAR imagery and t h e  b u t t  c l e a t  o r  nonsystematic  rock j o i n t  
s t r i k e s .  
Methane Emission i n  t h e  Cambria Mines 
Underground, i n  t he  Cambria Nos. 32 and 33 mines,  wate r  seepage and 
methane emission from the  roof i s  observed along prominent f r a c t u r e s  t h a t  
t r e n d  N 70" W ,  a  d i r e c t i o n  t h a t  p a r a l l e l s  t he  sy s t ema t i c  j o i n t  s e t s ,  t h e  c o a l  
f a c e  c l e a t s ,  and t h e  major r e g i o n a l  l i n e a t i o n s .  
The amount of gas emitted d i r e c t l y  from the  Lower Kit tanning coa l  i n t o  
t h e  mine working i s  known t o  be small. Upon development of mine workings and 
i n  preparat ion fo r  i n s t a l l a t i o n  of longwall mining equipment, methane emission 
r a t e s  a r e  very low. I n  one methane emission study i n  a development sec t ion ,  
only 23 cfm of methane was measured. I n  c o n t r a s t ,  when longwall mining i s  
being conducted, methane emission r a t e s  r i s e  t o  more than 800 cfm from a 
s i n g l e  sec t ion  (ll). Normally, i n  these mines, most of the  methane emission 
occurs when r e t r e a t  longwall mining induces roof f a l l s  with subsequent methane 
accumulation i n  the  gob. Methods of removing t h i s  methane have been described 
by Elder (6 )  - and by Ferguson ( L ) .  
Methane emission r a t e s  from a l l  the  pr inc ipal  coa l  mines of the  United 
S t a t e s  a r e  l i s t e d  i n  a r epor t  by I r a n i  (9 ) .  These reported data do not  
include the  amounts of methane removed from gobs by v e r t i c a l  boreholes. 
Because methane occurs i n  t h e  s t r a t a  immediately above the  Lower 
Kit tanning coalbed i n  these  mines, unexpected roof f a l l s  a r e  t h e  main cause of  
high r a t e s  of methane emission i n  development sec t ions .  Consequently, methane 
con t ro l  during development i s  bes t  accomplished by c o n t r o l l i n g  roof. 
Bureau of Mines s t u d i e s  demonstrated t h a t  wi th in  any mine d i r e c t i o n a l  
permeability does e x i s t .  The face c l e a t  i s  the  dominant c l e a t  d i r ec t ion ;  
because it has g rea te r  hor izonta l  length and i s  usual ly  b e t t e r  developed, one 
would expect t o  encounter more gas i n  mining perpendicular t o  the  face c l e a t .  
This i s  a demonstration of d i rec t iona l  permeability. 
Two holes were d r i l l e d  hor izon ta l ly  i n t o  the  coalbed a t  N 65" W and 
N 25" E. The gas pressure along the  N 65" W d i r ec t ion  was 12.0 p s i ,  whereas 
the  gas pressure measured along the  N 25" E d i r e c t i o n  was 30 psi .  The d i rec -  
t i o n  of these  measurements approximate the  face  and bu t t  c l e a t  d i r ec t ions ,  
which average N 68" W and N 19" E. Because the  face c l e a t  i s  more continuous, 
i t  would be expected t o  y i e l d  more gas where t ransected;  t h i s  i s  supported by 
the  f a c t  t h a t  the  hor izonta l  borehole d r i l l e d  a t  N 25" E (almost p a r a l l e l  t o  
t h e  b u t t  c l e a t )  y i e l d s  2.5 times a s  much gas a s  the  hole d r i l l e d  p a r a l l e l  t o  
t h e  face c l e a t .  
Roof J o i n t s  and Roof Fa l l s  
We have observed roof i n s t a b i l i t y  (1 )  where d i f f e r e n t i a l  compaction and 
fo ld ing have occurred along the  s i d e  of channel sandstone deposi t s ,  a s  along 
the  e a s t  s i d e  of the  Cambria 32 mine, and (2 )  where the  sandstone has formed a 
s h e e t l i k e  s t r u c t u r e  and numerous (g rea te r  than n i n e ) ,  t h i n  l i t h o l o g i c  u n i t s  
occur d i r e c t l y  above the  Lower Kittanning coal  wi th in  an i n t e r v a l  of 30 f e e t .  
Where the  next coal  above the Lower Kit tanning occurs l e s s  than 30 f e e t  above, 
and/or where the space between j o i n t s  is  l e s s  than 4 f e e t ,  roof i n s t a b i l i t y  i s  
even more l ike ly .  Most of the  roof f a l l s  observed showed coal  i n  the  upper 
pa r t  of the  f a l l  and the  v e r t i c a l  i n t e r v a l  was l e s s  than 30 fee t .  
Roof jo in t s  were measured underground where possible.  Most (26 o u t o f 3 5 )  
ranged from between N 65O W t o  73" W ,  roughly p a r a l l e l  t o  regional  l i n e a t i o n  
of N 70" W (SLAR). The o ther  nine readings were s c a t t e r e d ,  but a t  l e a s t  two 
each mirrored the  o ther  regional  l inea t ions  ( N  31" W ,  N 39" E) a s  determined 
from the  SLAR. 
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FIGURE 7. - Panel diagram of interval between Lower and Upper 
Kittanning coalbeds. 
Jo in t ing  i s  
not  the  so le  cause 
of roof f a l l s  i n  
these  mines. It 
i s  a contributory 
fac tor .  Where 
roof might have 
been s t a b l e  under 
a l l  o ther  condi- 
t i o n s  a very c lose  
j o i n t  spacing 





exposures and core 
log  data show t h a t  
t h e  sandstone imme- 
d i a t e l y  above the  
Lower Kittanning 
coalbed occurs 
e i t h e r  a s  a chan- 
n e l  f i l l  deposit 
changing abruptly 
t o  shale  o r  a s  
shee t l ike  deposits  
which i n t e r f i n g e r  
with shales.  
To display 
the  l i tho log ic  var-  
i a b i l i t y  of t h i s  
a r e a ,  a panel d ia -  
gram ( f i g .  7 )  was 
prepared from core 
logs using the 
i n t e r v a l  between 
the  Lower and 
Upper K i t  tanning 
coalbeds. I n  the  
nor th ,  sandstone 
i s  the  predominant 
rock; southward, 
the  shale  becomes 
dominant. The 
panel diagram 
shows a channel 
area  along the  
e a s t  margin of t he  mine t h a t  eventua l ly  broadens t o  form a s h e e t l i k e  s t r u c t u r e  
t o  t h e  south and west.  
As an a i d  t o  a n a l y s i s  of  t h e  sedimentat ion and t o  i n su re  complete objec-  
t i v i t y ,  t he  fol lowing maps were drawn by computer t o  i n d i c a t e  t he  fol lowing:  
l i t h o l o g i c  frequency of t h e  i n t e r v a l  between t h e  Lower Ki t tanning  and Upper 
Ki t tanning  coa lbeds ,  l i t h o l o g i c  frequency of t he  i n t e r v a l  between the  Lower 
Ki t tanning  and t h e  next  h igher  c o a l ,  percentage of  sandstone i n  coalbed a r e a ,  
percentage of sha l e  i n  coalbed a r e a ,  sha l e  plus  l imestone t o  sandstone r a t i o ,  
and t h e  i n t e r v a l  between t h e  Lower Ki t tanning  and the  next h igher  coalbed. 
This was done by l ay ing  a  g r i d  over  a  base map of t he  core  ho le s ;  these  could 
be loca t ed  by the  computer program along X (d i s t ance  i n  f e e t  e a s t  of t h e  s t a r t -  
i ng  poin t  o r  ze ro  po in t )  and Y ( d i s t a n c e  i n  f e e t  no r th  of t he  zero poin t )  
coord ina tes .  The X and Y va lues  a r e  used i n  t h e  computer program only t o  
l o c a t e  t he  core  ho le s  on t h e  map. The data  t o  be p l o t t e d  ( t h e  Z va lue )  a r e  
s e l e c t e d  from the  core  logs  a s  r equ i r ed ;  f o r  example, t h e  percent  sandstone 
f o r  a  given i n t e r v a l  a s  i n  t h e  maps i n d i c a t i n g  t h e  percentage of sandstone,  o r  
t h e  number of l i t h o l o g i c  u n i t s  a s  i n  t h e  maps on l i t h o l o g i c  frequency. The 
Z va lue  i s  e s t a b l i s h e d  f o r  each core  ho le ,  and t h i s  va lue  plus t h e  X and Y 
coo rd ina t e s  a r e  used i n  t h e  computer program t o  p lo t  a  map us ing  an appropr i -  
a t e  contour  i n t e r v a l .  The X and Y coord ina tes  a r e  cons tan t  f o r  a l l  computer 
ou tput  maps, and only t h e  Z va lue  and the  contour i n t e r v a l  vary.  
L i thologic  Frequency 
A l i t h o l o g i c  frequency map ( f i g .  8) shows t h e  number of s epa ra t e  l i t h o -  
l o g i c  u n i t s  f o r  a  given i n t e r v a l .  The i n t e r v a l  i s  a r b i t r a r i l y  s e l e c t e d  depend- 
ing on the  information t o  be i l l u s t r a t e d .  This  l i t h o l o g i c  frequency map was 
drawn us ing  a s  contours  t h e  number of l i t h o l o g i c  u n i t s  occurr ing  i n  the  approx- 
imately 100-foot i n t e r v a l  between the  Upper and Lower Ki t tanning  coalbeds.  
The number ranges from four  t o  24 l i t h o l o g i c  u n i t s .  A l i t h o l o g i c  u n i t  i s  
def ined  he re  a s  any th ickness  g r e a t e r  than 0.5 foot  i n  thickness .  
One a r e a  showing an extremely l a r g e  number of l i t h o l o g i c  u n i t s ,  more than 
20, and two o t h e r  a r eas  showing more than 15 ,  were found. These a reas  co in -  
c i d e  with known a r e a s  of roof i n s t a b i l i t y  i n  t h e  mine. When conducting under- 
ground surveys i n  these  a r e a s  of roof i n s t a b i l i t y ,  i t  was noted t h a t  t h e  
j o i n t s  i n  t h e  roof  were c l o s e l y  spaced and t h a t  t h e  d i s t ance  t o  the  nex t  coa l  
above t h e  Lower Ki t tanning  was l e s s  than  32 f e e t  wherever the  roof had f a l l e n .  
I n  c o n t r a s t ,  a  smal le r  number of  t h i c k e r  l i t h o l o g i c  u n i t s  would i n d i c a t e  r e l a -  
t i v e l y  s t a b l e  roof condi t ions .  
The c l o s e  proximity of zone of a  very high and low number of l i t h o l o g i c  
u n i t s  i s  an i n d i c a t i o n  of r ap id  sedimentat ional  changes and a s i t e  of poten- 
t i a l l y  uns t ab le  roof .  
L i tho log ic  Frequency Between Lower Ki t tanning  Coal 
and the  Next Higher Coal 
A low l i t h o l o g i c  frequency ind ica t e s  a r eas  where r e l a t i v e l y  s t a b l e  roof 
rock can be expected. Areas of in te rmedia te  l i t h o l o g i c  frequency may o r  may 
not  present  a  prob- 
lem: Other f a c t o r s  
t h a t  c o n t r i b u t e  t o  
roof i n s t a b i l i t y  
a r e  a  small  v e r t i -  
c a l  d i s t a n c e  t o  t h e  
next h ighe r  coa l  
and c l o s e  j o i n t  
spacing. A l a r g e  
d i s t a n c e  t o  the  
next  coa l  and wide 
j o i n t  spacing would 
grea f l y  i nc rease  
t h e  p r o b a b i l i t y  of 
s t a b l e  roof .  Fig-  
u r e  9 i s  s i m i l a r  t o  
t h e  o t h e r  l i t h o -  
l o g i c  frequency map 
( f i g .  8)  except 
t h a t  a  v a r i a b l e  
coa l - to-coa l  i n t e r -  
v a l  i s  involved. 
The i n t e r v a l  now i s  
from 20 t o  55 f e e t ,  
depending on where 
t h e  next  c o a l  above 
t h e  Lower K i t t a n -  
ning c o a l  appears .  
There i s  a  marked 
s i m i l a r i t y  between 
these  two maps, 
e s p e c i a l l y  i n  t h e  
northwestern p a r t  
where t h e r e  is  
r a p i d  t r a n s i t i o n  
from l e s s  than  f i v e  
l i t h o l o g i c  u n i t s  t o  
more than  n ine  
l i t h o l o g i c  u n i t s  i n  
a  h o r i z o n t a l  d i s -  
t ance  of  2,000 f e e t .  
The i n t e r v a l  
between t h e  Lower 
Ki t tanning  and the  
next  h ighe r  c o a l  
(whether t he  Middle 
FIGURE 8. - Li thologic frequency map of interval between Lower and Kittanning or a 
Upper Kittanning coalbeds. wild  c o a l )  was 
s e l e c t e d  because, 
a s  was s t a t e d  e a r l i e r ,  i t  was observed underground t h a t  the  upper ex t en t  of 
most roof  f a l l s  was t h e  bottom of t he  coa l  d i r e c t l y  above the  Lower Ki t tanning  
coalbed. 
FIGURE 9. - L i thologic frequency map of interval between Lower 
Kittanning coalbed and next higher coalbed. 
Rela t ive  D i s t r i b u t i o n  of Sandstone and Shale  
The maps showing t h e  percentage of sandstone and t h e  percentage of s h a l e  
( f i g s .  10-11) o u t l i n e  a channel.  I n  preparing these  maps, t h e  i n t e r v a l  used 
was t h e  50 f e e t  immediately above t h e  Lower K i t t ann ing  coalbed. These maps 
show a h igh  percentage of sandstone and a low percentage of s h a l e ,  which 
de f ine  t h e  channel a rea .  Outside t h e  channel t h e r e  a r e ,  converse ly ,  high 
s h a l e  and low sandstone percentages.  
Shale  Plus Limestone t o  Sandstone Rat io  
Study of f i g u r e  12 s u b s t a n t i a t e s  t h e  ex i s t ence  o f a  channel.  A r e l a t i v e l y  
l a r g e  r a t i o  number i n d i c a t e s  a small  percentage of sandstone i n  r e l a t i o n  t o  
s h a l e  and l imestone.  The s v ~ l l  r a t i o  numbers, r ep re sen t ing  sands tone- r ich  
zones,  can be followed through t h e  middle of t h e  map, i n d i c a t i n g  channel and 
s h e e t l i k e  sandstone depos i t s .  A t  t h e  southern  end,  no d e f i n i t e  sandstone 
p a t t e r n  can be de tec ted .  The t r e n d  of t h e  channel a s  i n f e r r e d  from t h i s  s tudy  
i s  shown i n  f i g u r e  13. This shows t h a t  t he  i n f e r r e d  boundary between the  
channel sandstone depos i t  and s h a l e  fol lows the  t r end  of known roof  i n s t a b i l -  
i t y  i n  t h e  mines. 
V e r t i c a l  Thickness of I n t e r v a l  Between Lower K i t t ann ing  Coal 
and the  Next Higher Coal 
The i n t e r v a l  between the  Lower Ki t tanning  coa l  and t h e  next  h igher  c o a l  
i s  c r i t i c a l  because t he  uppermost plane along which t h e  roof  tends  t o  s e p a r a t e  
i s  t h e  bottom of t he  coalbed immediately above (whether a wi ld  c o a l  o r  t h e  
Middle Ki t tanning  coalbed) .  From f a l l s  observed underground and r e l a t e d  t o  
t h i s  map ( f i g .  14)  we f i n d  a c o r r e l a t i o n  between roof i n s t a b i l i t y  and a t h i n  
zone, l e s s  than 30 f e e t  ( v e r t i c a l l y )  between t h e  upper c o a l  and t h e  Lower 
Ki t tanning  coalbed,  e s p e c i a l l y  where t h e  roof s t r a t a  a r e  we l l  jo in ted .  Where 
t h i s  i n t e r v a l  i s  more than  50 f e e t ,  t h e  p r o b a b i l i t y  of roof i n s t a b i l i t y  i s  
g r e a t l y  decreased. The a r ea s  of h ighes t  occurrence of roof  f a l l s  c o r r e l a t e  
w i th  t h e  t h i n  a r e a s  of  t h i s  i n t e r v a l  on t he  isopach map and t h e  a r e a s  of h igh  
frequency of l i t h o l o g i c  u n i t s .  
DISCUSSION AND ENGINEERING APPLICATIONS 
On June 23, 1972, a f t e r  t h e  main theme of t h i s  r e p o r t  had been developed, 
a p lan  view of t h e  two mines was rece ived  from t h e  Bethlehem Mines Corp. show- 
ing  a r e a s  of uns t ab l e  roof .  This  map ( f i g .  15)  was then  reduced i n  s i z e  t o  
o v e r l a i  i t  on t h e  panel diagram ( o r  fence diagram) and t h e  o t h e r  maps used i n  
t h i s  study. By comparing the  map of uns t ab l e  roof a r e a s  wi th  t h e  maps drawn 
by u s ,  i t  became apparent  t h a t  f a l l s  most commonly occur a long t h e  roo f -  
margins of t h e  channel f i l l  sandstones which p a r a l l e l  t h e  e a s t e r n  boundary o f  
both t h e  Cambria 32 and 33 presen t  mine workings. From these  da ta  we compiled 
a map ( f i g .  6 )  t h a t  shows where uns t ab l e  roof  i s  l i k e l y  t o  occur i n  t he  fu tu re .  
Scale, feet 
FIGURE 10. - Percentage of sandstone 50 feet immediately above the 
Lower Kittanning coa lbed. 
FIGURE 11. - Percentage of shale 50 feet immediately above the Lower 
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FIGURE 13. - Inferred sandstone-filled channel. 
FIGURE 14. - lsopach map of interval between Lower Kittanning coa lbed 
and next higher coalbed. 
Scale, feet 
FIGURE 15. - Present mine working out l ine showing known areas of unstable roof. 
CONCLUSIONS AND RECOMMENDATIONS 
This  s tudy shows t h a t  methane emission i n  t hese  mines i s  more c l o s e l y  
r e l a t e d  t o  roof  f a l l s  and emission from s t r a t a  above the  Lower Ki t tanning  
coalbed than t o  any o t h e r  s i n g l e  f a c t o r .  
A channel sandstone depos i t  occurs immediately above t h e  Lower Ki t tanning  
coalbed along the  e a s t e r n  p a r t  of t h e  present  No. 32 workings and extends over 
much of t he  No. 33 mine ( f i g .  1 2 ) ;  t h i s  sed imenta t iona l  f e a t u r e  i s  t he  cause 
of some of t h e  mining problems encountered. 
There a r e  four  geologic  reasons f o r  inherent  roof i n s t a b i l i t y  i n  these  
mines: (1 )  D i f f e r e n t i a l  compaction of t h e  sediments along t h e  boundaries of 
t h e  channel sandstone d e p o s i t ,  (2 )  a l a r g e  number (gene ra l ly  more than  n ine )  
of l i t h o l o g i c  u n i t s  i n  t h e  30-foot i n t e r v a l  above t h e  Lower Ki t tanning  coalbed,  
( 3 )  t h e  occurrence of  another  coalbed about 30 f e e t  above the  Lower Ki t tanning  
coalbed,  and ( 4 )  a spacing of l e s s  than 4 f e e t  between t h e  systematic  j o i n t s  
i n  t h e  rock immediately above t h e  Lower Ki t tanning  coalbed. Examinations of 
roof f a l l s  i n  t h e  mine i n d i c a t e  t h a t  f a l l s  u sua l ly  a r e  due t o  a t  l e a s t  two of 
t hese  reasons and t h a t  t he  f i r s t  two a r e  t he  major causes.  
There i s  an  alinement between the  N 70" W r eg iona l  l i n e a t i o n ,  t h e  s t r i k e  
of t he  f ace  c l e a t  of  t he  c o a l  and systematic  j o i n t s  of  su r f ace  rocks ,  and a t  
most of t he  roof  j o i n t s  observed underground. 
Considerat ion of t he  c r i t e r i a  f o r  roof i n s t a b i l i t y  a s  developed i n  t h i s  
r e p o r t  should a i d  i n  t he  planning f o r  f u r t h e r  mine development s o  t h a t  
unexpected roof f a l l s  can be minimized. Furthermore, when development must 
proceed i n  a r eas  where t h e r e  i s  a high p r o b a b i l i t y  of roof  i n s t a b i l i t y ,  t h e  
mine opera tor  w i l l  be a b l e  t o  a n t i c i p a t e  and prepare fo r  t h e  consequences s o  
a s  t o  a r r i v e  a t  a n  a l t e r n a t e  plan f o r  mining t h i s  a r ea  and providing supple-  
mentary v e n t i l a t i o n  t o  cope with the  expected i n f l u x  of methane. 
Valuable da ta  f o r  such i n t e r p r e t a t i o n  can be acqui red  from c o r e - d r i l l e d  
v e r t i c a l  ho les  where d e t a i l e d  geo log ica l  information is  sys t ema t i ca l ly  
c o l l e c t e d .  W e  recommend t h a t  more core  holes  be d r i l l e d  a t  a d i s t ance  no 
g r e a t e r  than 3,000 f e e t  from t h e  nea re s t  e x i s t i n g  hole .  This  would be espe- 
c i a l l y  h e l p f u l  i n  determining i f  t he  c r i t e r i a  f o r  roof i n s t a b i l i t y  a r e  evident  
t o  t he  e a s t  and southeas t  of t he  present  workings of  t he  Cambria No. 33 mine. 
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